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DIESEL FUELS 
Brief Summary of t he Invention 

Technical Field 

This invention pertains to fuel 
5 compositions for use in diesel engines. 

Background of the Invention 

Tne U se ot diesel fuel compositions to 
power light-duty and heavy-duty engines and their 
10 importance throughout the world is well known. 
However, it is also well known that there is a 
definite need to decrease the exhaust emissions from 
such diesel -powered engines, especially in the area 
of visible smoke particulates and oxides or nitrogen 
15 (NO ). In addition to satisfying obvious 

environmental concerns and related Environmental 
Protection Agency regulations, it is important to 
acnieve a reduction in smoke/particulate formation 
because of its relationship to lubricating oil 
20 deterioration and attendant accelerated engine wear. 

Moreover, diesel fuels are sensitive to 
water contamination and upon such contamination 
exhibit no phase stability for water even at 
temperatures of well above 0°C. Operational 
25 problems attendant with such water contamination are 
well known the^rt. , Tnus there is also a need to 
improve the aqueous phase stability or diesel fuels 
and thereby eliminate or at least minimize the 
obvious operating problems that may t>e associated 
30 with the utilization or water contaminated diesel 
fuels. 

Consequently, the discovery of a diesel 
fuel composition that would not only exhibit 
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decreased particulate emissions, and would also 
exhibit improved phase stability not only upon 
storage, but towards water as well, would obviously 
be of no small importance to the state of the art. 

The search for improved diesel fuel 
compositions is. a constant one as seen, e.g. by the 
following prior art. 

The article -Diesel Fuel -Aqueous Ethanol ' 
Microemulsions" by A.W. Schwab et al appearing in J. 
Dispersion Science and Technoloay, 3(1), pp. 4 5-60 
(1982) which relates to a study of two-phase 
mixtures of diesel fuel and aqueous ethanol as well 
as a detergentless system of a diesel fuel, aqueous 
ethanol and butanol. 

15 u ' s * * a *ent Application Serial No. 256,206 

filed April 21, 1981 entitled -Diesel Fuel-Aqueous 
Alcohol Microemulsions- by A.W. Schwab available 
from the National Technical Information Service, 
PB81-248619, which is directed to hybridizing diesel 
fuel with high levels of water and a C to C 
alcohol which are held in a stable microeraulsion at 
low temperatures by means of a surfactant. 

The article "Microemulsions as Diesel 
Fuels- by 6. Gillberg et'al in Am. Chem. Soc. 
Symposium of the 172 Meeting of the American 
Chemicax Society, San Francisco, Aug. 31 - Sept. 1, 
1976 (pp 221 to 231) which discloses that 
emulsifiers can be used to reduce exhaust emissions 
in diesel fuels. 

U.S. Patents 4,162,143; 4,182,614 and 
4,244,701 all of which disclose methods for reducing 
exhaust emissions of fuel oils using aqueous 
emulsified fuels. 
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Society of Automotive Engineers (SAE) 
Technical Paper Series #790925 (1979), which 
discloses the use of water and alcoholic diesel fuel 
emulsions to reduce particulate exhaust emissions. 
5 SAE Technical Paper Series #790956 (1979) 

which discloses a review of alcohol-diesel fuels. 

SAE Technical Paper Series #810250 (1981) 
which discloses a study of the effect of water xn 
diesel fuels. 

10 SAE Technical Paper Series #810254 (1981) 

which discloses a study on the use of alcohol in 
diesel fuel emulsions. 

SAE Technical Paper Series #700736 (1970) 
which discloses a study on the effects of emulsified 
15 fuels and water induction on diesel combustion. 

It has now been discovered, for the first 
time, that -phase-stable aqueous diesel/alcohol fuel 
compositions can be prepared having a cloud point of 
0«C or below without the aid of surfactant 
20 emulsif ication and that certain of such 

surfactant-free, aqueous diesel/alcohol fuel 
compositions have also exhibited improved 
anti-pollutant characteristics. 

Disclosure ~* this Invention 

25 " Thus it is an object of this invention to 

provide novel surfactant-free, phase-stable, aqueous 
diesel/alcohol fuel compositions having improved 
anti-pollutant characteristics. Another object of 
this invention is to provide a novel method 

30 (process) for preparing said diesel/alcohol fuel 
compositions. 
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More specifically, this invention is 
directed to a surfactant-free, phase-stable, aqueous 
diesel/alcohol fuel composition having a cloud point 
of 0"C or below, and consisting essentially of 
0.1 to i.o weight percent water, i to 

19 weight percent of a C 2 to C- aliphatic 
alcohol or mixtures thereof, and i t o i 8 

weight percent of a C 4 to Cg aliphatic alcohol 
or mixtures thereof, the remainder. of said 
composition consisting essentially of diesel fuel. 

Alternatively, this invention may be 
described as a method for preparing a 
surfactant-free, phase-stable, aqueous 
diesel/alcohol fuel composition suitable for use in 
diesel engines, which comprises mixing a diesel fuel 
with water, a to C 3 aliphatic alcohol or 
mixtures thereor and a C 4 to Cg aliphatic 
alcohol or mixtures thereof, wherein said 
composition has a cloud point of 0°C or below, and 
consists essentially of — 0.1 to i.o 
weight percent water, : 1 to . 19 weight 

percent of said ^ to C 3 aliphatic alcohol or 
mixtures thereof, and - l to i8 weight 

percent of said C 4 to ^aliphatic alcohol or 
mixtures thereof, the remainder of said composition 
consisting essentially of said diesel fuel. 

Detailed Descrip tion 

The primary component of the diesel/alcohol 
fuel composition of this inventions is of course a 
base diesel fuel which is present in a major 
amount. The base diesel fuel component employable 
in the present invention can be any conventionally 
known diesel fuel oil, including hydrocarbon fuel 
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oil mixtures having a diesel boiling range of 
175°C to 400°C. Such diesel fuel oils and/or 

methods for their preparation are well known in the 
art. 

5 The C± to C 3 aliphatic alcohol 

employable in the present invention includes 
methanol, ethanoi, n-propanol and isopropanol, the 
most preferred lower alcohol being isopropanol. Of 
course mixtures of said C x to C 3 aliphatic 
10 alcohols can also be employed if desired. 

The C- to C 0 aliphatic alcohol 
employable in the present invention includes 
butanols, pentanols, hexanols, heptanols and 
octanols, as well as mixtures of such alcohols, if 
15 desired. The more preferred higher alcohols are the 
primary alcohols of said C 4 to C g alcohols, 
especially n-butanol, isobutanol, n-pentanol, 
2-methyl-l-butanol, 3-methyl-l-butanol, 
2-ethylhexanol, and mixtures thereof. 
20 It is to be understood that the 

surfactant-free, phase-stable, aqueous 
diesel/alcohol fuel compositions of this invention 
are single-phase, clear, transparent, homogeneous 
mixtures which are characterized by their 
25 thermodynamic stability over a wide range of 

temperatures as seen by the fact that they possess a 
cloud point of (at leas$ 0°C or below. As employed 
herein the term "cloud point" represents that 
temperature at which the fuel composition changes 
30 from a clear and transparent fluid to one which is 
cloudy. Moreover as noted above, the diesel/alcohol 
fuel compositions of this invention are 
"surfactant-free", i.e., no surfactant is necessary 
for the aqueous diesel/alcohol fuel composition of 
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this invention to achieve a ^r>„* 

o-c ec ^ow. Accordin ~; - st) 

5 J confused with emulsions, or even 

1 "T ° nS ' ° r di6Sel £U6lC ^penTupon 
the presence of a surfactant to obtain their 
cloua point stability. aqUe ° US 
The components of the aiesel/ai^, , 

= r s ltlOM of thl8 inTCntton tt jtc:;L" ei 

^esxred. mdeed the fuel compositions o£ this 

£0 ~ on aie * -e ic £Pontan ::„ s 

15 com" " ° P ° n Pr ° Per Ca0iCe »* ™s or 

components employed. Moreover, while the selection 

« the various fuel composition component amounL 

retired to achieve the results desired will b . 

dependent upon one's experience in the utilisation 

experimentation should be necessary in oruer to 
ascertain those component amounts which will be 
surricient to produce the desired results for' any 
given situation. ny 

25 . ,. *" ln£tanee ' ln seneral the amount of c 
to Cj aliphatic alcohol or mixtures thereof 1 
Present in the ruel compositions or this 'invention 
■nay genetically range from l to 19 

«ight percent based on the total weight of the fuel 
composition. Likewise the generic range of the 
remaining components of the ruel compositions of 
this invention, based on the total weight of the 
particular fuel composition desired, include from 

0-1 to !.„ W ei g „ t percent of water tk. 

*ore prererred upper limit of water being about 0.7 
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weight percent, and from 1 to 18 weight 

percent of a C 4 to C fi aliphatic alcohol or 
mixtures thereof, tne remainder of the fuel 
composition consisting essentially of the base 
5 diesel fuel employed* 

More specifically, preferred phase-stable 
fuel compositions having a cloud point of (at leas$ 
0°C or below and containing up to 0.7 weight 

percent water may be obtained when the composition 
10 contains from 1 to 19 weight percent of 

isopropanol and about 1 to 18 weight percent of a 
butanol or a pentanol; and when the composition 
contains from 10 to 18 weight percent of 

isopropanol and 2 to 7 weight percent of 

15 2-ethylhexanol. 

In fuel compositions that contain a 50:50 
weight percent mixture of methanol and ethanol as 
the lower aliphatic alcohol, preferred phase-stable 
compositions having a cloud point of at least 0°C or 
20 below and containing up to 0.4 weight percent 

water may be obtained when the composition contains 
from - 1 to 5 weight percent of said 

methanol/ethanol mixture and 10 to 18 

weight percent of a butahol; when the composition 
25 contains 1 to 7 weight percent of said 

methanol/ethanol mixture and 7 to 18 

weight percent of a pentanol; and when the 
composition contains from 1 to . 7 weight 

percent of said methanol/ethanol mixture and 
30 10 to 18 weight percent of 2-ethylhexanol. 

In fuel compositions that contain methanol 
as the lower aliphatic alcohol, preferred 
phase-stable fuel compositions having a cloud point 
of (at least) 0°C or below and containing up to 
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0.25 weight percent water may be obtained wherein 
the composition contains ; i to s weight 

percent methanol and • i0 to 18 weight 

percent of a butanol; when the composition contains 
1 to 8 weight percent of methanol and 

7 to 18 weight percent of a pentanol; 

and when the composition contains i to 8 

weight percent of methanol and 12 to 18 weight 

percent of 2-ethylhexanol. 
10 In fuel compositions that contain ethanol 

as the lower aliphatic alcohol, preferred 
Phase-stable fuel compositions having a cloud point 
of at least 0«C or below and containing up to 
0.5 weight percent water may be obtained wherein the 
15 composition contains 1 to 7 weight 

percent ethanol and i 0 to i8 weight 

percent of a butanol; when. the composition contains 
1 to g weight percent of ethanol and 

, n 8 t0 18 wei 9 h t percent of a pentanol; 

*v and when the composition contains • 5 to 

10 weight percent of ethanol and 7 to 12 

weight percent of 2-ethylhexanol. 

Tne subject invention is indeed unique and 
beneficial in that it provides surf actant-free r 
highly phase-stable, aqueous diesel/alcohol fuel 
compositions suitable for routine utilization in 
diesel engines of conventional design. Moreover, it 
is a common occurrence for certain unadulterated 
diesel fuels to appear slightly hazy on pouring, and 
u * on standing for a few days to form a darker 
sediment-like layer on the bottom of the fuel which 
could cause operational problems such as plugging of 
fuel filters and injector nozzles. However, an 
added benefit of the diesel/alcohol fuel 
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compositions of ' this invention is tneir clear and 
transparent characteristics and the fact that they 
have not been found to form such sediment even upon 
long periods of storage. 
5 Further, in addition to the excellent 

thermodynamically stable characteristics (cloud 
point or (at least) 0 C C or below) of tfte 
diesel/alcohol fuel compositions of this invention, 
isopropanol containing diesel/alcohol compositions 
10 of this invention have been found to substantially 
reduce the amount of visible smoke and particulates 
as well as oxides of nitrogen (H0 X ) in the exhaust 
emissions of the ruel compositions as compared to 
that of the unadulterated base diesel ruel 
15 employed. Such excellent anti-pollutant 

characteristics snould also translate into better 
engine wear characteristics as well. Moreover, 
wnile the diesel/alcohol fuel compositions or this 
invention do possess a lower cetane number (ignition 
20 quality) than the base diesel fuel per se, such a 
drawback should be able to be overcome by the 
additional use of small amounts of any suitable 
conventional cetane improver such as an alkyl 
nitrate, " desired. Thus it is to be 

25 understood that, if desired, the fuel compositions 
of this invention may contain minor amounts i.e. 
less than 1 weight percent of any conventional 
cetane improver, as well as such amounts of any 
suitable conventional corrosion inniDitor, metal 
30 deactivator or antioxidant. 

The following examples are illustrative of 
the present invention and are not to be regarded as 
limitative. It is to be understood that all of the 
parts, percentages and proportions rexerred to 
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herein and in the appended claims are by weight 
unless otherwise noted. 

EXAMPLE 1 

A series of fuel compositions were prepared 
wherexn various amounts or a diesel fuel, (« gLT 
which had an unadulterated cloud point of -J,* 
were mixed with various amounts or isopropanol, ' 
water and a 50:50 weight percent mixture of 

llTolil 1 "1 iS ° bUtan01 and ^ ^oud point of each 
composition determined as outlinea below 

Diesel isopro- . JSSSoT, 

position s «g« *s u ,t o1 Po C \° U ? 

Si f?*! 6 5 ' 43 °* 7 2 8.20 

e «*q! H 8 °' 71 9-13 -5 

20 I 11 A I'U °* 70 10 '°4 -if 

*J 83.60 5.30 0.70 10.40 -15 

Of the above compositions, composition "f « 
was most preferred because of its low cloud point 
and high^water content. Compositions corresponding 
2 , ' C ' and " £ " were subsequently prepared 

using a diesel fuel [IH-CAT (Caterpillar 1G1H 
Reference Fuel from Howell, Hyorocarbons inc.,] that 
had an unadulterated cloud point of -3"c and the 
aqueous cloud points of the three compositions so 
prepared were found to be 5"C, -2»C and -5«C, 
respectively. In addition a fuel composition 
containing about 84.78 grams (90.4 wt. *) or said #2 
Gulf diesel fuel which had an unadulterated cloud " 
point of -150c, about 8.45 grams (9.0 wt. %, 
xsopropanol and 0.56 grams (0.6 wt. %, water was 
cloudy at room temperature indicating that the 
contained water was not in stable form. 
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Example 2 

A series of fuel compositions were prepared 
by mixing various amounts of a diesel fuel, (#2 

5 Gulf) which had an unadulterated cloud point of 
-15°C, with various amounts of isopropanol, water, 
and a mixture of primary amyl alcohols [analysis: 

98.7 wt. % total primary amyl alcohol; 
66.14 wt. % n-pentanol and 32.56 wt. % 

LO 2-methyl-l-butanol and 3-methyl-l-butanol] . Tne 
compositions so prepared along with their cloud 
points were as follows. 

Mixture of 
Diesel Isopro- primary amyl 

15 Fuel panol Water alcohols Cloud 

Composition (wt.%) (wt.%) (wt.%) (wt.%) Point »C 

a) 86751 8.66 0.58 3.85 4 

b) 84.92 8.82 0.59 5.66 -9 

C) 82.59 8.59 0.56 8.26 -13 

20 d) 85.33 8.86 0.60 5.21 -6 

e) 78.75 10.75 0.66 9.84 -12 

f ) 84.13 8.74 0.59 6.54 -15 

g ) 85.73 8.90 0.60 4.76 -3 

Above compositions "b", "f" and "g" were 
25 subsequently prepared using another diesel fuel 

[IH-CAT (Caterpillar 1G1H Reference Fuel from Howell 
Hydrocarbons inc.)] having an unadulterated cloud 
point of -3°C. The cloud points of these three 
compositions so prepared were -3°C, -7°C and -1°C, 
30 respectively. 

Example 3 

A series of fuel compositions were prepared 
by mixing various amounts of a diesel fuel, (#2 
Gulf) which had an unadulterated cloud point of 
35 -15°C, with various amounts of isopropanol, water 

and iso-butanol. The compositions so prepared along 
with their cloud points were as follows. 
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Diesel Isopro- 
Coigeosition " a * e £. isobutanol Cloud 

S 52:23 8 8 : L 1 o 0 : 5 6 8 ° s 4 - 6 7 f 
S sL-si 8 8 : 5 7 9 4 SI S? - 

9j 81.74 7.36 0.68 10.22 -if 

Three COfflf>ositions corresponding to 
composition -e- above were p repared wher e in the 
xsooutanol was replaced with n-butanol, n^nol 
and 2-ethylnexa„ol, respectively, and tbeif 
respectxve cloud-points were *ound to be -13-c 
-14°C and -7°C. 

Example 4 

(#2 0.1*1 \ • * " * diesel 

, 9 M Unadulte "° «1— Point of 

etLol 0 ^ * ° f «. proof, 

~* w * % Water and 9.09 wt * 

of a h.gher alcohol. The cloud points of said 

compositions were as follows. 
25 Higher Alenhni 

" s Cloud Point f ci 

n-butanol v ' 

iso-butanol 14 
n-pentanol 17 

30 '£^SLSS~ XT myl alconols * 

-2 

* (Analysis: or ? 

66.14 wt. » i'jJ^T 1 ^1 alcohol, 
2- M «l.yl-l- 0 „t„ol a^lfLlh^fl-outan^f 6 « 

Example 5 

Two fuel compositions were prepared by 
»xxxng a diesel fuel, C „ Gulf) which J d an by 
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unadulterated cioud point or -15"C, with methanol, 
water and a mixture of primary amyl alcohols 
{analysis: 98.7 wt. % total amyl alcohols; 

66.14 wt. % n-pentanol and 32.56 wt. % 

5 2-methyl-l-butanol and 3-methyl-l-butanol) . The 
compositions so prepared along with their cloud 
points were as. follows: 

Mixture of 
Diesel Meth- primary amyl 

10 Fuel anol Water alcohols 9 lou * 

Composition Jwt^i Jvt^ &±£L -4£4n~ -9 

a) 84704 4.17 0.28 11.50 -9 

b) 75.59 7.92 0.53 15.97 6 

Another fuel composition consisting of 
15 74.38 wt. % diesel fuel, (#2 Gulf) which had an 
unadulterated cloud point of -15 °C, 7.75 wt. % 
methanol, 0.52 wt. % water and 17.36 wt. * 
isobutanol, had a cloud point of only 20°C. 

Example 6 

20 A series of fuel compositions were prepared 

by mixing various amounts of a diesel fuel, (#2 
Phillips Petroleum) which had an unadulterated cloud 
point. of -18 °C, with various amounts of isopropanol, 
water and iso-butanol. The compositions so prepared 

25 along with their cloud points were as follows. 

Diesel Isopro- , „, 

Fuel panol Water Isobutanol JJloud^ 

Co mposition (wt._%j jyt^O < wt -*> 

JL -T) 81.43 3.97 0.7 

30 b) 84.41 3.97 0.7 

c) 80.44 15.89 0.7 

d) 83.42 7.94 0.7 
e 95.19 3.27 0.12 
f) 94.80 3.24 0.18 

35 g) 94.24 3.22 0.18 

h) • 93.67 3.21 0.18 

i) 93.33 3.77 0.20 
j) 95.22 3.72 0.12 
k) 95.19 2.79 0.12 



(wt.%) 


Point °C 


13.90 


-18 


10.92 


-14 


2.98 


-3 


7.94 


-8 


1.42 


-17 


1.78 


+3 


2.36 


-8 


2.94 


-16 


2.70 


-16 


0.94 


-9 


1.90 


-12 
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1) 


94.91 


m) 


95.17 


n) 


95.15 


o) 


94.20 
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2.78 0.12 2.19 .17 

1.66 0.12 2.85 -tl 

3.80 :il 

3-72 0.18 1.90 -I 



10 



Example 7 

bv .• • * S * ri " ° £ f " el "^"tions were prepared 

water and . " S °"° U "" o£ is °P«Pa"ol, 

water. ,„d a .nature or primary aayl alcohols 
(analysis: qp 7 uf . . • ■■ 

alcohol; . 66 * / ' % total prilnar * **K 

„ B / ' " ^ 4 Wt ' * n -Pentanol and ■ 
32.56 wt. % 2-methyl-i-butanol and 
3-methyl-l- butanol) . Tfie compositions sq 
alon 3 w ith their cloud poinfcs ^ ^ ^^f*"* 

Diesel isopro- ££g ^ 

» 8 as :' : : - 1! 



15 



n> Ji-jj «•» o.S i:!! + il 



30 



35 



Example fi 

bv • * " ri " " £USl "-P 0 """* »ere prepared 
by «n, various amounts of a diesel fuel. #2 
"ullip. Petroleum, which bed an unadulterated cloud 
point ot -1S-C. »itb various aaounts of isopropan" 
water and 2-etbvlbexanol. Ih e 
prepared alon 9 vith their cloud points 
follows. 
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Diesel Isopro- 2-Ethyl- 

Fuel panol Water hexanol Cloud 

Co mposition (wt.%) (wt.%) (wt.%) (wt.%) Point °C 

a) 82.00 11.30 0.70 6.00 -17 

5 b) 81.00 17.30 0.70 1.00 +2 

c) 83.00 13.30 0.70 3.00 -6 

d) 84.00 10.30 0.70 5.00 -4 

Another fuel composition consisting of 
86.25 wt. % diesel fuel, (#2 Gulf) having an 
10 unadulterated cloud point of -15°C, 8.60 wt. % 
isopropanol, 0.57 wt. % water and 4.58 wt. % 
2-ethylhexanol had a cloud point of only 15 °C. 

Example 9 

A series of fuel compositions were prepared 

15 wherein various amounts of diesel fuel, (#2 Phillips 

Petroleum) which had an unadulterated cloud point of 

-18 C C, were mixed with various amounts of a 50:50 

weight percent mixture of methanol and ethanol, 

water and isobutanol and the cloud point of each 

20 composition determined as outlined below 

Diesel Iso- , Cloud 

Compo- Fuel Methanol Ethanol Water butanol Point 

sition jwt^ii .JwtilL- Jwt^il (wt.%) (wt.%) ^C 

a) 80.18 2724^ 2.24 0.40 14.94 -9 

25 b) 87.64 0.80 0.80 0.40 10.36 -4 

c) 87.64 1.50 1.50 0.40 8.96 +15 

Example 10 

A series of fuel compositions were prepared 
by mixing various amounts of a diesel fuel, (#2 

30 Phillips Petroleum) wnich had an unadulterated cloud 
point of -18°C, with various amounts of a 50:50 wt. 
% mixture of methanol and ethanol, water and a 
mixture of primary amyl alcohols (analysis: 
98.7 wt. % total amyl alcohol; 66.14 wt. % 

35 n-pentanol and 32.56 wt. % 2-methyl-l-butanol 
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and 3-methyl-l-butanol) . The expositions so 
prepared along with their cloud points were as 

folloWB- 

5 Mixture of 

Diesel primary 

" i! nil is ;' : : 11! T 

V 82.16 3.74 3.74 0.40 I'M '% 

Example 11 

A series of fuel compositions were prepared 
15 wherein various amounts of a diesel fuel, (#2 

Phillips Petroleum) which had an unadulterated cloud 
point of -18»C, were mixed with various amounts of a 
50:50 weight percent mixture or methanol and 
ethanol, water and 2.ethylhexanol and the cloud 
point of each composition determined as outlined 
below 

Diesel , . , 

. If ll » « s 

e) 80.87 3.39 3.39 0.40 11. 95 -16 

30 Example 12 

A series of fuel compositions were prepared 
by mixing various amounts of a diesel fuel, (#2 
Phillips Petroleum) which had an unadulterated cloud 
point of -18-C, with various amounts of methanol, 

35 water and isobutanol. The compositions so prepared 
along with their cloud points were as follows. 
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Diesel 

Fuel Methanol Water Isobutanol Cloud 

Composition (wt.%) (wt.%) (wt.%) (wt.%) Point °C 

a) 86.78 2.00 0.25 10.97 -16 

5 b) • 81.79 3.99 0.25 13.97 -10 

c) 84.79 2.99 0.25 11.97 -8 

d) 85.78 4.99 0.25 8.98 +27 



Example 13 

A series of fuel compositions were prepared 
10 by mixing various amounts of a diesel fuel, (#2 

Phillips Petroleum) which had an unadulterated cloud 
point of -18°C, with various amounts of methanol, 
water and 2-ethylhexanol. The compositions so 
prepared along with their cloud points were as 
15 follows. 

Diesel 2-Ethyl- 
Fuel Methanol Water hexanol Cloud 

(wt.%) (wt.%) (wt.%) Point °C 
6.98 0.25 12.97 -16 
20 b) 81.79 3.99 0.25 13.97 -17 

11.97 -8 
10.97 +1 
10.97 +6 

Example 14 

25 A series of fuel compositions were prepared 

by mixing various amounts of a diesel fuel, (#2 
Phillips Petroleum) whici had an unadulterated cloud 
point of -ia° r C, with various amounts of methanol, 
water and a mixture of primary amyl alcohols 

30 (analysis: 98.7 wt.% total primary amyl 

alcohol; 66.14 wt.% n-pentanol and- 32.56 

wt.% 2-methyl-l-butanol and 3-methyl-l-butanol) . 
The compositions so prepared along with their cloud 
points were as follows. 



a) 


79.80 


6.98 


0.25 


b) 


81.79 


3.99 


0.25 


c) 


83.79 


3.99 


0.25 


d) 


84.79 


3.99 


0.25 


e) 


81.80 


6.98 


0.25 
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Diesel Mixture 

— L ■ \ WTi '*} . (wt.%; hols q c 

c > SrS 1:11 Sit -is 

d > . 90.00 2 25 Sif 

e > 89.78 2.99 Hf 7 - 5 ° -10 

10 9} 81.00 7 ?? Si? ,, 7 - 9 8 -10 

n > 81.83 S of +7 

i> 81.?6 I'M S;|» g-Ji .-12 

3) 85.83 3 QQ n on I" 96 ~ 2 

«.w *:S „°:I 0 0 »■;• -» 

15 * Example 15 

A series of fuel compositions were prepared 
by mxxing various amounts of a diesel fuel ( # T 
Phillips Petroleum, which had an unadul^tel cloud 
poxnt of -18. C , with various amounts of ethanol 
20 water and isooutanol. The compositions so prepared 
along wxth their cloud points were as follows 
D * es ? X Isobu- 

25 b) S?"S 0.50 17.91 _ 18 

c fl*lf i'2S °- 50 10-95 -lo 

30 « ?i.1o 7 i:!f 2:1° j : « 4 

Example 16 

A series of fuel compositions were prepared 
by »xxxn 3 various amounts of a diesel fuel, ( #2 
Phxllxps Petroleum, which had an unadulterated cloud 
Poxnt of -le-c, with various amounts of ethanol 
water and a mixture of primary amyl alcohols 
(analysis: 98 . 7 wt . t ^ pr 

alcohol; 66 . 14 wt . % n . penfcanol and 



35 
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wt.% 2-methyl-l-butanol and 3-methyl-l-butanol) . 
The compositions so prepared along with their cloud 
points were as follows. 

Mixture 

Diesel of primary Cloud 

Fuel Ethanol Water amyl alco- Point 



Composition 


(wt.%) 


(wt.%) 


(wt.%) 


hols (wt.%) 


°C 


a) 


80.59 


1.00 


0.50 


17.91 


-17 


b) 


86.56 


1.99 


0.50 


10.95 


-17 


c) 


79.59 


8.96 


0.50 


10.95 


-16 


d) 


81.58 


8.96 


0.50 


8.96 


-5 


e) 


85.56 


4.98 


0.50 


8.96 


-12 


f) 


85.57 


5.97 


0.50 


7.96 


+2 



10 



Example 17 

15 A series of fuel compositions were prepared 

by mixing various amounts of a diesel fuel, (#2 
Phillips Petroleum} which had an unadulterated cloud 
point of -18°C, with various amounts of ethanol, 
water and 2-ethylhexanol. The compositions so 

20 prepared along with their cloud points were as 
follows. 

Diesel 2-Ethyl- 
Fuel Ethanol Water hexanol Cloud 
Composition (wt.%) (wt.%) m (wt.%) (wt.%) Point e C 

25 



a) 


82.58 


6.97 


0.50 


9.95 


-17 


b) 


83.57 


6.97 


0.50 


8.96 


-4 


c) 


81.59 


9.9*5 


0.50 


7.96 


-2 


d) 


83.57 


8.96 s 


0.50 


6.97 


+8 



Example 18 

30 A fuel composition designated "D^r" which 

consisted of „. 83.60 wt.% of a diesel fuel 
[IH-CAT (Caterpillar 1G1E Reference Fuel from Howell 
Hydrocarbon Inc.)] which had an unadulterated cloud 
point of -3°C, 5.30 wt.% of isopropanol, 

35 0.70 wt.% water and 10.40 wt.% of 50:50 wt.% 

mixture of n-butanol and isobutanol, said 
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composition » v ha „ in «, . cltmd _ 

elong with another composition designated "D 
which consisted or . 85 . 73 „ " „. °5 

oiesel fuel e» tioy ed in compo^o "J „ 

wt of isopropanol. wt % ...» 

Ian,! * °" ° f PriMry «ta*ol- 

66.14 wt.% n-pentanol and 32 56 „ t . 

10 c 2 ;"" 1 * 1 : 1 -— * 3-methyl-i-b„t» 0l) , said 
composition -D,.- haTi „ 9 , cloud ^ o£ 

were prepared and evaluated versus the same " 
unadulterated base diesel £ uel employed in preparing 
each composition D< and Dj i„ terms of exhaust 
emissions and fuel economy. 

«.•,-„ tetforBan « "sts were conducted on a 6 

cylinder diesel engine g .ared to a dynamometer 
capable of loading the en 9 i„e to 500HP Wet gap. Ih . 
performance of fuel composition was compared 
wrth the performance of the tes.Jiesel fuel at two 
engine modes . ( a, 1 20 0 &j lMQ (Mh ^ tM ° 

corresponds to a. engine operation in . v J y 

load (which corresponds to a normal operation of the 
engine under considerable load cllBblllg / 

hill). The performance of fuel composition 0, was 
also compared with the performanc. of the base 
diesel fuel at engine modes (a) 1200 *P M sso lbs ) 252 k „ 
load and ,b,. 1400 HPM^oVl'a., load. In addition * 
the performance of composition » was assessed at 
30 an engine mode <« 2090 W^lbs., load as 

of 2084 BPM/SW lb 9 s.) load (which corresponds to an 
engine operation at high speed and high load) . 
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The test results are reported below : all 
fuel economy values being an average of five 
measurements; all smoke measurements being an 
average of five measurements and all particulate 
measurements being an average of three measurements. 
Fuel Consumption (lbs. /hour) kg/h 

Operating Mode Base Diesel Fuel Comp. Fuel Comp. 



RPM/(lbs) kg 

1200/^57 ) 251 

10 1200/560) 252 

1400/(600) 270 

1400/(605 ) 272 

2084/(508) 229 

2090/(475) 214 



Fuel D-4 _ 

(83.20)37,44 (87.02)39,16 
(83.10)37,39 

(101. 98)45,89 (105.14)47,31 
(100. 36)45,16 - 

(132. 51)59,63 - 



D-5 

(84.91)38,21 

(101.99)45,90 
(127. 5) 57,37 



15 



20 



Particulates (Grams) 



Operating Mode 

RPM/lIbs)kq 


Base Diesel 
Fuel 


Fuel Comp 
D-4 


1200/557J 


251 


0.0163 


0.0174 


1200/560) 


252 


0.0175 




1400/600) 


270 


0.0104 


0.0061 


1400/605) 


272 


0.0140 




2084/508) 


229 


0.0024 




2090/475) 


214 







Fuel Comp. 
D-5 

0 .0167 
0 .0143 
0 .0014 



Smoke (% Opacity) 



25 Operating Mode 
RPM/dbs)kq 
1200/557 
1200/560 



1400/600 
30 1400/605 

2084/508 
2090/475 



251 
252 

270 
272 

229 
214 



Base Diesel 
Fuel 
12.74 
12.74 

9.30 
9.38 

2.18 



Fuel Comp. 
D-4 
11.9 



5.06 



Fuel Comp. 
D-5 

11.8 
7.52 
1.64 



The above data shows that operation of the 
engine with fuel compositions D 4 and D 5 of this 
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20 



25 



30 



invention rented in a significant reduction in 
both s „ oke opacity Ma p „ tleulate in 

e*.ust over that shown when Mploylna ^ 

S !„! 61 " e " 9ln6 15 «* "rained to a 

5 maximum, is seen the average decrease 1„ ! 

"OO/tt&wa. 7.1% and 20 . 2t . u • 
0.=r.a ? , in particulate content for D at mod! 
» 400^00, was 42.3* (node 1200/U\ showing average 

2 1, 1! " 0/(S05, Sh ° Kln9 " increase of 

2-l«>. " should be noted that sack, and 
Peculate forMtlon is a 

these measurements win not necessarily always 
coincide. However, it is possible to have both 
reduced opacity in smofce emission, and at the sane 
' deCrease In P«ticulate emission. Moreover 
due to the inherent difficulties with particulate 
analysrs one should consider trends in the d.ra an d 
not absolut^values. Wh« e operation with I « 

in iuel /B57)a " a « avera 9 loss 

« fuel economy of 4.6% and 3.0% respectivelv and 
operation of , t modes ^ J ^i, «* 

Shewed an average loss in fuel economy of 2.2% and 
1-6% respectrvely. However, with the variation 
in fuel consumption is good compared to what 
industry accepts as a variation. Moreover the 
engine ran quite well witl the and D, fuels 
Moreover, while .• one to one comparison 

base dresel fuel at mode . ".84/5^8) cannot be made 
srnce the data can not be , ormalired because the 
fuel consumption of D 5 wa: less than the base fuel 
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and D 5 was not pulling the same engine load as the 
base fuel and thus had a different power 
performance, which makes it difficult to say just 
how large the effect is, nonetheless it is clear 
5 that D c exhibited a significant positive effect on 
smoke and particulate emission and also on the fuel 
consumption as seen by its unnormalized average 
. increase of 3,8% in fuel economy and unnormalized 
average decreases of 27*3% in smoke opacity and 42% 
10 in particulate content of the exhaust. 

Example 19 
The physical properties as listed in 
ASTM-D9 75, except for cetane number, water and 
sediment, of fuel compositions D 4 and D 5 as well 
15 as of the base diesel fuel (IH-CAT) employed in 
Example 18 are listed below. 

Physical Properties 



Flash Point, °C 
20 Cloud Point, °C 

Carbon Residue, % 
Ash P wt. % 

Viscosity at 40°C,nra 2 /s 
Sulfur, r wtv r %r 
25 Copper Strip Corrosion 
Distillation, °.c 

Initial Boiling Point, 

10% Evaporated 

20% Evaporated 
30 50% Evaporated 

90% Evaporated 

End Point, *c 

% Recovered 

% Residue • 
35 % Loss 



D-4 


D-5 


IH-CAT 


- 7 


13 


77 


-8 


-8 


-7 


0.21 


0.21 


0.06 


0.01 


<0.005 


0.003 


.97374 


2.95754 3. 


31§100°C 


3717 


0.3608 


0.399 


1-A 


1-A 


1-A 


79 


80- 


200 


102 


93 


240 


182 


182. 


253 


260 


260 


269 


305 


305 


321 


335 


321 


350 


98 


97.5 


99.0 


1.5 


1.5 


1.0 


0.5 


1.0 


0 



The above evaluation shows that fuel 
compositions D 4 and D 5 of this invention meet 
all the standard specifications for No. 2 diesel 
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fuels (ASTtt-D-975) except for the flash point 
pother evaluation of the flash points of D -4," M 
and the ih-CAT showed 26,5 , 20 and 76°c 
respectively. 



10 
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20 



25 



30 
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Example 20 
A fuel composition designated - D - 
censing of about 83.60 wt. * of a diesll fuel, 
(#2 Phxllxps Petroleum) which had a cloud point of 
-18 C, 5.30 wt. % of isopropanol, 0 70 

vt. % water and . 10. 40 wt. , of a 50:50 wt % 

axxture of n-hutanol and isobutanol said composition 
having a cloud point of -l 8 o c , along with a fuel 
composition designated - D - which was the 
composition *Dg", but also contained 0 15 

wt.% of a commercial cetane improver (an alky 1 
nitrate) were prepared and evaluated versus the same 
unadulterated base diesel fuel employed i„ pre parln g 
each composition Dfi and D? i„ terms of exhaust ' 
emissions and fuel economy. The performance tests 
were conducted on a chassis-mounted 5.7 liter 
Oldsmobile and followed standard cold-start Federal 
Test Procedures (CFR, Title 40, Part 86, Subpart 
B). The results of said tests based on an average 
of duplicate runs for each fuel were as follows- 



km 



Fuel 

Base ~ 
Diesel 
I>6 
I>7 



fiOmSgf 



EMISSIONS (g/milel 



.Particulates N0 V MEBns 



MPG 



48 
40 
46 



D.31i)o,i94a.27)Hflfl3.390p 2441 4QoS o?"J ' 

0.3230,201 a.2^.3 8 S:lK E c i:j3 3 ; 4 2 



The above results show that operation of 
the engine with fuel compositions D. and D of 
this invention resulted in a significant reduction 
m both particulates and oxides of nitrogen in the 
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exhaust over that shown when employing the base 
diesel fuel; while fuel economy remained essentially 
the same. 
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Claims 

1. 



A surfactant-free, phase-stable, 
aqueous diesel/alcohol fuel composition having a 
cloud point of o°c or below and consisting 
essentially of 

a) a diesel fuel, 

b) 0.1 to 1.0 weight percent water, 

c) 1 to 19 weight percent of a C, to C, alip hati o 
alcohol or mixtures thereof, and 3 

d) i to 18 weight percent of a C 4 to C 8 alcohol or 
mixtures thereof. 8 

2. Ac omposition as defined in claim 1 
wherein the component c) is isopropanol and wherel 
in the composition contains up to about 0. 7 weight 
percent water. veignt 

3. A composition as defined in claim 2 
wherein the component d) is selected from the ' 
group consisting of n-butanol, isobutanol, 2-methyl- 

1- butanol, 3-methyl-1-butanol, n-pentanol and 

2- ethylhexanol, or mixtures thereof. 

4. a composition as defined in claim 3 
wherein the component d) is isobutanol or n-butanol 
or a mixture of n-butanol and isobutanol or a mix- 
ture of primary amyl alcohols or 2-ethylhexanol, or 
n-pentanol. ' 
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5. A composition as defined in claim 1 to 
4 wherein the component c) is methanol or ethanol or 
a mixture of methanol and ethanol. 



5 wherein an alkyl nitrate cetane improver is also 
present in said composition. 

7. The use of the surfactant-free, phase- 
l 0 stable, aqueous dies el/alcohol fuel composition as 
claimed in claim 1-6 for use in diesel engines. 



5 



A composition as defined in claim 1 to 



